Geometry

Species

AX or A2
AX2

>XN_|<

AX3

AXal

AXalo

AX4

No. of Lone Pairs

1 or more

Total Pair on
Central Atom

2

3 or more

Geometry Example Hesonance
3o’
N
linear (H2) H X H No
linear (CO2)  ,0:XC%:0; . No
bent (H20) O No
Xow * .
H io4s° H
triginal planar(BF3) :F: No
Y Y1200
s X mk [
A ¥4
. @
pyramidal(NHg}) N No
_ 2y
H~H H
107*
No
No

Hybridization
Central Atom

s
Sp
sp3 for

this example

sp2



Species

AX4L

AXqlo

AXsL

AXe

No. of Lone Pairs

Total Pairs on
Central Atom

Geometry Example Resonance
Yes/MNo
. ®, F
; #(SeFq) ;Fox Sey *° No
See -Lawnl "y X Tepe
g JOO \e ©
...._n_v ».wu . _ww
square planar(XeFy) . @ﬁ . Jqe° No
PLA " . _F
» _uhn L _H..M
triginal bipyramidal(PCls) .,mﬁ o No
_“ ah_ ¢ x k.e u~ &an
sC e LP XeCls
w.DG m uo_ P4 A.\ ae
oo h.m,t_
square pyramidal(SFs") ,| Fe i mu No
94 ¥ @x
o X X, .
Ee k. TR
c* ﬂo N _..H ¢ o
octahedral(SFg) ) ‘fm (F: .. No
o m..l.nn w—‘ L ﬁ
® Py X L3
&0 Asa - . X m . atg
F M m a! ©

Hybridization
Gentral Atom

sp3d

sp3d2

sp3d

mnmam

sp3d2



Worksheet: Geometry

Species No.ofe-'s.  Lewis Dot
w/Bond Angle

a. H2

b. Fo

d. ImO

| e. NH3
f. CHg
g. CupO
h. N2

. NHgt

j- MnO4~

Borid Type

Mplecule Type

Geometry

Resonance
YesMNo

Hybridization
Central Atom



Species

k. Cl2

. O2

m. HCI
n Pi3

0. CCl4
p. H3O+
g. CrCl3
r. FeO

s. CO3-2

t. CN-

u. CrO4-2

No. of e-'s

Lewis Dot

w/Bond Angles

Bond Type:

Molecule Type

Geometry

Resonance
Yes/No

Hybridization
Central Atom



Substance Total#ofe-'s LewisDotand Bond Type Molecule Type Geormetry Resonance  Hybritization on
Bond Angle: _ (Y/N) Central Atom

1..HgGCl2

2.CH4

3.-NH3

4.H200

5.PCl5

6. TeClg



Substance Tetal#ofe-'s Lewis Dotand Bond Type Molecule:Type Geormetry Resonance Imc:amumgo: on
Band Angle: - (MIN) ertral Atom

7.CIF3

8.3

9.8Fp

10. BrFs

11. XeF4

12. HCN



s 7 COVALENT MOLECULES

PUBPOSE: To construct models of mole-
cules of covalent substances in order to
show how their shapes and structure deter-
mine their polarity.

MATHRIALS: Sargent Molecular Model
Set or Johnglass Student Molecular Models
kit

INTRODUCTION: A covalent bond con-
sists of a pair of sharad electrons. Such a
pair of electrons is shared equally between
identical atoms producing 2 bond which is
pure {non-polar}) covalent. The unequal
sharing of the electron pair between iwo
different atoms produces 5 bond which is
more of less polar. The polarity of the bond
may be described in terms of its percentage
of jonic character. This depends on the
electronegativity difference between the
two bonded stoms. The electronegativity of
an atom {element} is a measure of its ten-
dency to afttract the elecfrons forming 2
bond between it and another atom.

Molecules of covalent substances may be
nonpolar or polar. A diatomiec molecule of
an elementary gas is nonpolar, A diatomic
meolecule of a compound is linear (straight
line) and may be polar. More complex com-
pounds have molecules which may be polar
or non-polar depending on the symietry of
the bonds to the cent al atom and conse-

' guently on the symmetry of the molecular

structure. A molecular structure, even
though its bonds are polar bonds, will be
notipolar if the bonds are arranged evenly
about the central atom. When the arrange-
ment of the polar bonds is unsymmetrical,
the resultant molecule is pelar and is cailed
a dipole. Represenfat;ve}mo‘ecuien may be
bent (nonlinear} or trigonal pyramids. A di-
pole acts as if it has a positively charged
portion and a negatively charged portion
equal in magnitude of charge(s) and sepa-
rated by some distance,

SUGGESTION: Consult tables of (1) elec-
tronegativities and {2) electronegativity dif-
ference and percentage of ionic character as
needed: See MODERN CHEMISTRY,
1370 edition. Check the Table of Contents
of your model set {pasted on the inside of
the box cover) with the actual contents, At
the end of the experiment, reassemble the
kit into the pattern shown on the box cover.
Use the long(est) set of spring connectors
for multiple bonds.

PROCEDURE: Assemble the first set of
seven models and have them checked by

- the teacher. Fill in the Data Table at the

bottom of this page and at the top of the
next page. Take these models apart and
proceed mmﬁaﬂy with the second set,

=

DATA TABLE =
. . " Shape of molecule - | ... .
poas [ ]| mmaope | ST Tttt e
orm tpoiar npoar tetrahedral} p‘ ‘ b

Set 1.
b, L
< O,
i N

s




: y - Shape of molecule L L
Formule E&C;;?ﬁ@s {noiafi?nifj@iar) {linear, bent, pyramidal, {iﬁf g}{ an{ef}?:;—}
formula < R tetrahedral} P * DX
P e
e HCI - -
£, BeCH
g HEr
" Bet 2.
A _«;G'
B CO,
c HE
d NH;
e CH,
e e L. (
g CHC

QUESTIGNS 2, Classify each of the following as ionic

1. Calculste the electronegativity difference. ~ crystal, polay covalent molecule, or nonpolar
and percentage of ionic character for each covalent molecule:
“of the following bonds: ‘ = o ]
) _ ; _ ) a, Br, ...
Blectronegaiivity Percentage of ionic’ .
difference cheracter b. Mgl
2. H-C .. S T oo T
N | 4. HI....
e e o,
& Briicl. £ HO ...
e, H-S .. gNz
£ H_C - h. Eaﬁrz .
T o a 2, Both water and carbon dioxide are tri-
g. CI-Cl . ; . atomic molecules. Explain why one of these
h, C—C .. . iz polar and the other is nonpelay. ........
. K—Br .. ; ' é;
i MNa-—C .
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Set 1

Formula

Electron-dot
formula

Bond type
(poiar or nonpolar)

Shape of molecule
(linear, bent, pyramidali,
tetrahedral)

Kind of molecule
(polar or nonpolar)

N,

HCI

BrCli

HBr




mnn 2

Formula

Electron-dot
formula

——

Bond type
{polar or nonpotar)

Shape of moiecuie
{linear, bent, pyramidal,
tetrahedral)

Kind of molecule
(polar or nonpolar)

H,0

co,

<

H,S

NH,

CH,

cel,

CH,CI




Set 1
Substance Total # of e-'s: Lewis Diot and Bond Type: Molecule Type Geometry

Bond Angle
a.Ho

b.Clo

d..N2

e.HCk

f. BrCl

g.-HBr



Set 2
Substance Total # of e-'si

a.H20

b.. CQ2

¢ Ho8

d. NH3

e.CHg

f. CCl4

g.. CH3Cl

Lewis [lot aind

Bond Type:

Molecule Type

Geometry



SHAPES AND POLARITIES OF
COVALENT MOLECULES 21

The most commen tpe of chemnical bond bermnes taae at
covalent Dond cons'sts oF 3 pair of shared electrons 9ng vom each aiom.
is shared between two atorns of equal ¢~ext'u"~5at" s, the; tondiscalied a 'mnpolar covalent
bond, However, in most cases the ; pair of glectrons ) s of differest elec.
tronegativities. Thus, the nair of Eltf\_i’!""\":s is shitted toevard r‘-J-: 1572 S IO gat ve efement,
A partial negative chs rge r»_akults on m side af the hond and ge on the
other. This tvpe of covalent band i ca d paiar w»aien\

Malecules composed of covalently t nded atoms rray aihe B polar of ronpolar. For the
molecuie 1o be polar, it must, of course, have p(:-fsr
the polarity of a molecule 12
cemtral atorm, they offset &
dipoles are not symmetrical seound the central dmﬁ- the e!e-\.:-
of the molecule The resuly ing moiecile is polar,

Ball and stick models zre oiten used 1o demonstiate mulerular

ovaient bond. The i
is pair of giecirons

¥

ands, Bat he kes factor far ae!ermmn&:
#s5 shape, if the polar -‘:wo:zr:‘s !L‘-Ep«, &5 v arg svmmetrical around the
ach ather and the recsiting molac 3 i—*’owm'er if the

be pu,urc to one end

£ 10 this pxercise you

will build several covalent molecules and predics earh clasiny on the basis of Its
molecular shape. '
Objectives

In this experiment, you il
® build modeh o
® predict each molecule’s shape using oo |

® precicl 2ach malecule’s polarity or the L

s sovnple mciscules,

srdizanon. and

FQUIPMENT

student set of ball and stick models

. Use Tab,’e 2%-‘;' as a

O Prepare a data table as direciod in the Anaiysiy,
L 2. Build madels of the mHowing malacoizs, JWhen
- in doubt, have vour tescher chock your madel

g T - B
Remember that same ztems, such a3 Carbos and : : E‘e;“tan ! Eali & E
f s el o ali &
oxygen, can form multiple bongs i e oy |
8 N v o 1 Struciure; Stick | Shapeof i Molscular
: . .y Formulal {Lewis] Models! Melecule Polarity
E h?- gy i —— i
1. HEr HCIO ;L M R | oo i tinear Poiar
i H:U OZ
NH, Al

CO, HCSOH

H.CO Gt CONCLUSIONS

:

E ’ I }4 Ay gt es ke e e . . L . 1

j? ) ~zhep CéHe{-T'“ SV RGOS, T Explain bow vou vwers able i dete-mine minlecu-

: far polardy on the bauis of molecular shape. Che

} y examplas from vour results.

i ANALYSIS 2 Megusy the advanagss and disadvamages of

v Frepare o iable for recording dala on sach vsimg ball and stick maodefs as zarning 2ids. Rec-
% malecule. include in vour iable the frmads the Lawic wmmeng an alternative 1o using the bal and stick

dotstruchue - ; diagram of he bl ard. st mcdd svedels
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O S

FURTHER INVESTIGATIHONS T lalculate e oeluonagathaty 3 forence and -
On the basis of mes aapenment o venr SPEE dhoxe the ype of Dond fo {hr ik "“Pb b‘-‘r,q
work, gredici the {a){:”,e of bording. Ged i a Ma- 956’—‘0’ : \‘img -Ct
far shape, and (g) moiscuiar polarty furthe fua o C-H d.N~N f. Cu-ar
ing: What does the erm “seme” mean? Wi
a. HCl c.Bally of the moleculsr substarces in this experiment

h- Sclz GAPH3 "“‘Tﬂ' Su‘ ‘S.

G

witn
i

HEL

Al
ARIEF ]

e

05




NAME

PERIOD

4/12/02

Formula

Lewis Dot Structure

‘Structural

H2

Geometry

Molecule Type

HBr

H20

NH3

CH3NH2

CO2

H2CO

C2H2

CH4

HCIO

02

AIH3

CH3Cl

HcCOOH

C6H6

C6H60




Electron Dot Structure Lewis

Structural Models ﬁ Molecule Type




